INTRODUCTION

48
Knee osteoarthritis (OA) is a common musculoskeletal condition. Balance deficits were found in 49 knee OA with dynamic balance being more affected than quite standing balance [1, 2] . Dynamic 50 balance is the ability to maintain a stable base of support whilst performing a movement or a 51 prescribed reaching or leaning task [3] whereas quiet standing balance is the ability to maintain 52 the centre of gravity within the limits of the base of support with minimal movement [4] .
53
Although a correlation was not found between radiographic severity and dynamic balance in 54 knee OA [5] , decreased balance increases the risk of falling in the elderly [6] . Specifically, the 55 risk of falls increased in people with arthritis compared to healthy as they had significantly more 56 falls [relative risk (RR) 1.22, 95% CI 1.03-1.46] and injurious falls (RR 1.27, 95% CI 1.01-57 1.60) in the previous 12 months [7] . Therefore, one would expect that knee OA rehabilitation 58 programmes should address this issue to reduce the risk of falling. was decreased in knee OA using this test compared to healthy participants [2] . Few studies have 76 investigated the effect of exercise on dynamic balance using the step test in knee OA [15, 16] .
77
Quadriceps strengthening exercises did not significantly change dynamic balance (using the step 78 test) in individuals with knee OA and neutral or varus lower limb alignment [15] . In an RCT 79 investigating a 6-week aquatic strength and balance exercise programme in patients with hip and 80 knee OA, dynamic balance (using step test) did not change significantly immediately after the 81 exercise programme. Six weeks later, following continued independent exercising, balance 82 significantly improved [16] . This might be as a result of improved endurance rather than 83 stability. Moreover, the step test assesses dynamic balance in one direction only which does not 84 reflect on the balance needs of the activities of daily living (ADL).
85
Another test for the assessment of dynamic balance is the Star Excursion Balance Test (SEBT) 86 [18]. In this test, the participants balance on one leg while reaching with the other leg in eight 87 different directions as far as they can, then return to double support without losing balance [18] .
88
Dynamic balance is assessed in this test as the participants are required to perform a reaching 89 task while maintaining a single stable base of support. These directions include: the anterior, anterior-lateral, anterior-medial, medial lateral, posterior, posterior-lateral, and posterior-medial.
91
This test had excellent inter-rater reliability in all directions on healthy individuals between 18- with knee OA to complete, mainly due to the population being older with balance problems, it is 98 likely to challenge the neuromuscular system more than the step test and would be considered a 99 true dynamic balance test as you are testing them in different directions. However, no such 100 studies have been performed in individuals with knee OA, nor whether an exercise intervention 101 alters dynamic balance using this method.
102
Therefore, the purpose of this study was to examine the effect of an exercise programme 103 involving open and closed kinetic chain exercises of lower extremity muscles, combined with 104 self-management education, on dynamic balance using the SEBT, pain and muscle strength. 
MATERIAL AND METHODS
107
A pilot experimental before-and-after study design was used to investigate the immediate effects 108 of a six-week exercise programme. Prior to the study starting, ethical approval was obtained 
155
[27], they were represented by lines taped on the ground in a star shape and participants had to muscles. Also, the exercise protocol was designed to target these muscles.
170
Moreover, before the start of this study, the test re-test reliability of the raw and normalized 171 balance data (to leg length) of both lower limbs were assessed on ten healthy volunteers; six 172 women and four men (mean age 46 (SD 5.23) years; mean height 165 (SD 6.32) cm; mean 173 weight 71.8 (SD 20.83) Kg). They attended the two testing sessions separated by 14 (SD 5) days.
174
All participants signed a consent form before starting the study. Two-way-mixed average 3.49 ± 6.85% for normalised data. Also, the 95% MDC of raw and normalised data ranged from 185 5.39 cm to 8.29 cm and from 6.5% to 9.69%, respectively (Table 1) . These findings are the first 186 concerning the reliability of the modified SEBT in 40-60 year olds. Although balance data in the 187 lateral direction were highly reliable, the healthy participants performed the test with difficulty.
188
Therefore, it was not assessed in the patients diagnosed with knee OA in this study.
189
Insert Table 1 about here
190
The participants stood on the platform and, depending on the direction to be tested, they would any of these criteria was not met, the trial was repeated.
205
To account for leg length variation between participants, balance data was normalised to lower However, the focus in this study was on the most and least affected sides. directions followed by the other leg, after having five minutes rest in between.
214
The average peak torque of the knee flexors and extensors and the hip abductors was assessed 215 using the Biodex system 3 isokinetic dynamometer (Biodex Medical Systems, Shirley, N.Y.,
216
USA). Based on the results of a previous reliability study, knee flexors and extensors were 217 assessed concentrically at 60°/s and isometrically at 45°, whereas the hip abductors were 218 assessed isometrically at 0°. Data were normalised to body mass.
219
The pain and function in daily living activities subscales of the Knee injury and Osteoarthritis
220
Outcome Score (KOOS) questionnaire [40] were assessed at baseline and after six weeks.
221
Adherence was monitored by recording the participants' attendance to the treatment sessions. 
Exercise programme 223
Participants attended a six-week group exercise programme once a week. Each session included 224 a 20 minute self-management education session followed by 60 minutes of exercises.
225
Dynamic balance in knee osteoarthritis
The self-management education sessions provided the patients with information on the finally challenged balance with resistance. Dumbbells, ankle cuffs, and Theraband™ were used.
238
The 10 RM determined the initial weight used by the patients. As the patients improved, the exercise with their resistance for the first two sets, and then for the last set they will be asked to 245 do as much repetitions as they can manage. From the number of repetitions in the last set, it will 246 be determined if any changes to their resistance should be done in the next session (Table 2) .
247
Dynamic balance in knee osteoarthritis
Between the weekly exercise sessions home exercises were performed daily for 10-15 minutes.
249
The patients were provided with weights, Therabands™, and an information booklet about OA programmes were completed, with ten participants in the first and nine in the second group.
269
Fourteen participants completed the study; twelve women and two men. Five participants 270 dropped out; reasons included a car accident (n=1), family death (n=1), family commitment the programme (p>0.05).
274
Insert 6.59 (7.77)% for normalized data in the A and M directions, respectively (Table 4) . (Table 4) .
286
Insert 
DISCUSSION
300
Strengthening lower extremity muscles using an exercise programme, in addition to an education 301 programme to promote self-management, improved dynamic balance in the A and M directions
302
(using the modified SEBT) on the affected side in knee OA.
303
The majority of literature on knee OA has assessed quiet standing balance only, i.e., postural Appendix A
BILATERAL SQUAT
-Do not lower yourself so far that you cannot straighten back up by yourself or that you feel pain in your knees.
-Your exercise should always be pain free (minor discomfort).
-If you could not do 3 groups of 10 repetitions, start with 3 groups of 5 repetitions and increase the repetitions as you get fitter.
-Do not change the weight your physiotherapist picked for you as it is chosen based on your condition. -Repeat this exercise as 3 groups of 10 repetitions.
-Repeat on the other leg. -When you lie down on your side, support yourself on your elbow and keep your back straight. You upper leg only should be moving and not your trunk. -The band will give resistance to your movement which will strengthen your muscles. 
536
-Place the weight your physiotherapist gave you on your leg just above the ankle. -Sit on a chair and slowly move your leg away from you till your leg is straight. -Slowly bend your knee and repeat -Repeat as 3 groups of 10
repetitions. -Repeat on the other side.
